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high-energy physics 

by: Olag NisurzEsvski 
Nr on 0&0IE.X August, 1255 , pages 5 - 5 , 

decision taken during the ninth session of 
i'-v. United Nations Organisation, an International 
Conference on the Use of Atonic Energy for Peaceful 
Purposes will open in Geneva on August 8 . Represe¬ 
ntatives fron ma^y countries will participate in 
the discussions. ^The foH o m ing, article summarizes 
recent achievements in the physics of the atonic 
nucleus 4 .. s 


Since the day we learned that the first 
industrial electric power station based on atomic 
energy had started operating in the USSR, there 
have taken place many achievements in this rapidly 
developing field of new techniques. 

The assistance promised by the Soviet Union 
to the states struggling for peace and democracy 
then assumed concrete form. 

These advances are not the only contribution 
to the scientific development of peace-loving 
countries. 


Soviet scientific magazines are publishing more 
and more reports on the work of scientists, thu3 
laying the foundation for further progress in the 
techniques of nuclear transformation and contributing 
to v- free exchange of research experience. At the 
recent session of the Academy of Sciences of the 
USSR, many of these reports were brought together. 

It is well known that the physics of today becomes 
the engineering practice of tomorrow. All the 
recent achievements using nuclear energy have 
originated in scientific investigations carried out 
during the last few years in the research institutes 
of many lands. 

New investigations enable us to penetrate into 
the secrets of matter, thus paving the way for future 
achievements about which we can only gues3 at the 
present time. The forces, which have already become 
the property of mankind, are so immense as to threaten 
our existence. However, ve have great faith in human 
intelligence and we firmly believe that human reason 
will prevent the use of these forces for mutual exter¬ 
mination. Therefore, we do not fear the publication 
of new findings in science. Science is an inexhaust¬ 
ible fount fron which mankind will never cease to 
draw new knowledge about nature and in particular 
about oho mysterious world enclosed within the nuclei 
of at 0 U 3 , 

Extensive publication of this new knowledge is 
an important element in the struggle to turn atonic 
energy to peaceful us^s, a struggle invariably 
initiated by our country. 







Nuclear Forces 


o 




Clarification cl the nature of nuclear forces, 
i.o. -he forces holding together neutrons end /rotors 
(the ''articles faming t u atonic nuclei), in one of 
the central problems of ..ouorn nuclear physics. No 
intend to continue examining the new particles of 
matter, which are called "elementary", until we succeed 
in finding out their real nature. 

Physical research in this field was considered by 
many as something analogous to the "pole of ina-cess* 
ability". Nevertheless, even the most conservative 
’’hunters for particles" are fundamentally dreamers. 

’Ve nay even regard their choice of a profession as an 
outgrovith of their romantic nature. These searchers 
explore Elysian Fields where every new step is pregnant 
with the unexpected, and new discoveries are abundant 
and usually concurrent with the application of powerful 
technical means to the developing exploration of the 
unknown. These investigations have become enveloped 
in a sort of magic shroud, probably due to the difficulty 
in finding normal interpretations for such research. The 
results of these investigations reveal so many real 
wonders, that cannot be fitted into the framework of 
conventional concepts formed at school, that they scorn 
occasionally frightening. However, perhaps I will 
succeed in convincing my readers that the mastery of the 
new physics is not unattainable, although it requires, 
of course, a certain concentration of mind, even for the 
most superficial survey of its achievements.... But are 
these achievements necessary? tye have already succeeded 
in developing means for obtaining atonic energy for 
peaceful purposes with the help of the processes of 
nuclear fission or uranium produced from the depths of 
the Earth. The necessary conditions for this to take 
place are found in special atomic reactors. 

It has been estimated that if the annual production 
of uranium were raised to 50 thousand tons, the consump¬ 
tion of energy throughout the entire 'world could be 
doubled immediately. This is not utopian; the above 
figure corresponds to the world production of tungsten. 
Moreover, uranium is contained in the earth's crust in 
a quantity considerably exceeding that of the deposits 
of tungsten. 

If to this we could add 100 or 150 thousand tons 
of thorium, from which nuclear fuel for atomic reactors 
could also be manufactured (and the earth's crust 
contains approximately three times as much thorium as 
uranium), then -he average annual production of energy 
per inhabitant of the world could be brought up to 
approximately 200 thousand kilowatt-hours. This means 
that each family would have at its disposal an electric 
station having 50 kilowatts capacity. 

Reactions occurring between atomic nuclei are not 
complicated. They are described in detail in a number 
of popular and readily available publications. 

It is not surprising therefore, that some inexper¬ 
ienced individuals might doubt whether it is vorta 
while to go ahead, whether it is not better to stop and 
develop this rich vein. Are further theoretical invest¬ 
igations on nuclear forces really necessary? At a 
press conference for representatives of the Soviet as 
well as the foreign press, Professor Bruno pontecorvo 









offered to explain his work in the field of high-energy 
plyu i-cs. The correspondent of the .'...coeluted ? ■ ns 
* w t* c ^ ^ u w* 6 s e ir* j o * i* o ? f & Twi - * 1r o u; c* m d 

declare... that he would hardly he able to understand 
wuen explanations. Our readers, however, are more eager 
: or :r.ov;rodgo and r.oro patient. Therefore, ve shall try 
to yj-ocuss here, in brief, prospective achievements in 

**■ - vy ^ Ufc ^ .k J, C X C cT ]b t*y o ^Ci»j • 

first of all wa wish to point out that gunpowder 
'.;as also invented before scientists could explain the 
c .aerate al forces acting to bind atoms into a molecule. 

Tno use of a number of other chemical transformations, 
.or example, those occurring during the smelting of 
metals from ores, also arose from experience in rela¬ 
tively ancient t_r.es. However, everyone knows that 
the modern, infinitely varied, technical .pplications 
of chemistry could he introduced only after the light 
of knowledge was shed upon the structure of atoms and 
molecules and upon their ability to enter into combina- 
o x o n 3 « 

Huclear physics is now et the following stage: 
the practical application of nuclear theory has been 
already achieved, although a true theory on nuclear 
forces has net been developed as yet. 

That do the scientists know, and what do they v;ish 
to learn, about nuclear forces? 

The problem as to whet these forces are, aroso 
_....ioa_a o 1 y aiter o»*o _i. ^crna 1 structure Oi acorn.'. 
nucl.oi was discovered. To what can these forces bo 
compared? Can they bo compared with gravitational 
forces, which, make objects thrown upwards fall towards 
the earth, which cause s^nd in agitated water to settle, 
and make possible the separation of cream from mi 1 !? 

No, the very close-knit structure of an atomic nucleus 
cannot bo based upon forces analogous to gravity. 

?erha?3 nuclear forces arc akin to electrical forces? 

No, this is completely absurd, h’e must remember that 
nuclear forces operate not only with electrically 
charged particles, i.e. protons, but also with neutral 
particles, which are called neutrons. Electrical forces 
do not affect the latter at all. 

Nuclear forces arc, in their very essence, some¬ 
thing entirely different. Electrical forces, i.e. 
forces of electrical attraction, and gravitational 
forces act over relatively great distances, and diminish 
gradually. Nuclei forces are known to be of a "short 
r..ugo" nature, i.e, their effect is felt only across 
vary short distances, and beyond these _ogions they 
become negligible. However, in order to be able to 
study the interaction between particles at short 
distances, the particles must have a very high energy. 
The higher the energy of the particles, the smaller is 
the distance at which their interaction can be felt. 

'.Then we are compelled to work "against nuclear 
forces", as the physicists say, i.e. to separate the 
nuclear particles bound together by these forces, it 
becomes apparent that those fores. are immense. 








11. Nuclear "Slue 


”/e wish to cite the fallowing comparison: the 
particles bound to each other in the atonic nucleus 
act as if fastened to each other by Cleans of invisible 
and surprisingly strong rivets. 

This comparison fully agrees with the concept of 
nuclear forces as expressed in 1935 by the Japanese 
physicist Yukava. He assumed that heavy elementary 
particles, i,e. neutrons and protons, interact with 
each other exchanging some lighter particles, which 
act as the aforementioned ’‘rivets'' binding the inter¬ 
acting particles. 

Yukava's theory was never fully developed, but 
all the same it suggested in most general terms the 
existence as well as the mass of the "rivets" holding 
together the atomic nucleu, the mass being intermediate 
between that of the neutron and the proton. These 
hypothetical particles were called mesons ("mezos" in 
Greek i.e. intermediate, medium). 

Even a very brief description of subsequent 
developments will enable us to see their dramatic 
nature. 

A certain period of time elapsed and mesons wore 
found. They were revealed in cosmic rays, the mysterious, 
continuous radiation directed towards the earth from the 
depths of the universe. This radiation produces great 
disturbances in the atmosphere. Cosmic rays destroy 
atomic nuclei encountered in their pa + h. They sometimes 
cause heavy particles which have been transformed under 
their effect to shed fire-works of cosmic "showers" 
around them. 

In 1937 K. Anderson and 3. Neudermeier reported 
that by means of the "fog chamber" (the name occasionally 
U3ed for the Wilson cloud chamber, which reveals the 
trajectory of invisible psrtioles) they had found charged 
particles in cosmic radiation. The m~3s of these part¬ 
icles was approximately 200 tines that of the electron. 
Physicists had expected this result and greeted it with 
enthusiasm. Mesons had been foundl The foreoasts had 
been correct. However, the enthusiasm was followed by 
disappointment. 

These were not the sane mesons forecast in the 
estimations of Yukava, These were lazy and inert mesons 
that interacted weakly with neutrons and protons. The 
phyaioi8ts had expected other mesons to be discovered. 

One can well understand the exoitement which was aroused 
by the announcement of the Soviet scientists 
A.I. Alikhanov and A.I. Alikhanyan that for the first 
time other "true" mesons had been found. 

In 1947 the British physicist S. Powell confirmed 
through irrefutable experiments, the presence of charged 
particles in cosmic rays with a mess approximately 300 
times that of tha electron. These mesons (called pi-mesons 
to distinguish them from the other mesons) behaved in exact 
oonformity with thaoretioal predictions. These mesons also 
interact.d with neutrons end protons as expected. 













The only difficulty was that in order to detect 
end register them, a truly great advance in experi¬ 
mental technique was needed; these momentary Placing 
creations of cosmic rays, of insignificant longevity, 
are extremely difficult to register. Still, they hud 
to be thoroughly studied in the interest of nuclear 
physics, since they were considered the key to the 
fundamental mysteries of the atomic nucleus. 

A new epoch opened in this field xvhen the semi- 
fantastic and semi-legendary mesons, which had been 
so widely discussed, and whose existence had been 
questioned, were artificially obtained in the laboratory. 
The forces of cosmic power, developed in physical instru¬ 
ments, provided the required energy. 

The circumstances under which this occurred deserve 
particular attention. 


111. Muclear Artillery 


As already mentioned earlier, nuclear forces are 
immense. They exceed the forces acting between atoms 
in chemical compunds by hundreds and thousands of times, 
and are thousands and tens of thousands of times greater 
than the forces effective between the atomic nuclei and 
their surrounding layers of electrons. It is natural, 
therefore, that for interaction with the nucleus where 
these forces apply, we need particles whose energy is of 
the sane order as the nuclear forces. 

Let us decide fi.. „t of all on the units in which v/e 
ohall measure the energy of such charges. For this 
purpose we must refer to the universal unit used by the 
physicists for measuring the energy emitted or absorbed 
during the processes occurring with single atoms or 
nuclei. This unit is the electron volt. It is easy to 
guess from the name that this unit expresses the quw:\ tity 
of energy acquired by an electron in an electric field 
that has a voltage of one volt. 

The energy produced by an atom of hydrogen in the 
process of combining with oxygen, i.e. during normal 
combustion, can also be expressed in electron volts. 

This energy is the energy of chemical combination and 
is 4,2 electron volts. 

For comparison, let us note that the energy produced 
by the combination of protons and neutrons in a nucleus 
constitutes 7 to 8 million electron volts. An energy of 
hundreds of millions of electron volts, however, must be 
applied to separate n "meson rivet" from an elementary 
particle. 

The attack on the atomic nucleus started wit'; th* use 
of natural "chargee", i.e. nuclear particles t re..-formed 
by the decomposing nuclei of naturally radioactive 
elements. Remarkable achievements, such as the first 
artificial nuclear transform, .tions reclined by Ru.-tc *ford, 
production of artificial r-diouctiv .omenta by p.-rro 
-r.d Irene Poliot-Curie, and the discovery of the neutron 
which is connected with .e names of Chadwick and the same 
Curie family, have been achieved through these modest 
means. 








However, the natural sources of particle projectiles 
are negligible, Selection of bombing particles is 
limited. In the meantime, however, the new science, 
which even the conservative Rutherford named with he I. i.p'-.t 
the "new alchemy", required the study of a wide range of 
nuclear reaction under the action of various particles 
and great energies. Special methods for attacking the 
atomic nucleus had to be developed and since no real task 
imposed by the development of science remains unsolved, 
nuclear "artillery" was created. This new, special 
nuclear "artillery" was designed to give the atonic 
projectiles a great acceleration to provide a co...adorably 
more concentrated fire, and to shoot a large number of 
projectiles of diverse kinds. 

Initially the nuclear particles, to which we wished 
to impart a great speed in order to overcome the so- 
called "armour belt" of electrical repulsion protecting 
every attacked nucleus, wore, as expressed by a Soviet 
physicist, placed on an "electric cliff". The "cliff" 
was represented by a high voltage electrical field. The 
particles were "precipitated” or "thrown down" from this 
"electric cliff" and, before reaching the "target", ran 
along a rectilinear course at a speed which increased as 
the height of the cliff increased, i.e. as a greater 
voltage was applied to the accelerating tubes. In these 
tubes the particles acquired a velocity exceeding the 
speed of a missile shot from a long range gun by hundreds 
of thousands of tires, but even this proved insufficient. 
The projectiles necessary to overcome the "armour belt" 
of repulsion must be a great deal more potent in a number 
of cases. 

At the very beginning of the development of nuclear 
physics, there arose the problem of whether the particles 
could be best accelerated in one step or in several. 
However, experiments on this simple idea with the help of 
accelerators constructed in the form of vacuum tuboa 
stretched out in a line could lead to no decisive conclu¬ 
sion. To provide the accelerated particles with sufficient 
energy, linear accelerators of a considerable length wore 
needed. It is sufficient to mention that in one of the 
modern machines the accelerated protons ran along a course 
210 thousand km. long. 

7e may thus see why direct action accelerators could 
not be used for this purpose. 

The solution of the problem which thus areas has boon 
found: the particles had to be accelerated along ^ spiral 
path. Then, while completing a very long run, the part¬ 
icles would not move beyond the limits of a relatively 
3mall area. 

In order to explain the structural principle of this 
instrument, the example of a sling is often used. 3y 
rotating a stone attached to a rope, vie can throw the 
stone considerably farther than when doing so by the same 
hand along a straight line. However, this example merely 
provides a remote notion of the principle of the construc¬ 
tion which was suggested by physicists, and it does not 
show its special characteristic. This special character¬ 
istic lies in the fact that the accelerated particles 
gain speed at each successive revolution, and only after 
they reach a very great speed, are they released in the 
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.rent ion of the nuclear -target" 
>-eo" by Ralph Lapp, v:e find the 
.eric an net hod of ..pscription cf 
melon of the cyclctr-n (v:nich in 
.’•/ acco ier-t my * - v. se ' . Re co.v 


In the book "Row 
sllov/ing purely 
1 .v. principle of 
•»u nano o* tni.^ 


re a w .* o c y c.. s .i’ot 


receives 1100 every t ir.c ho pe-so; the cashier and 
t.rus rapidly bccomj r.ill ionaire. The idea of 
cyclotrons w-s suggested -o its author, the American 
p.sysiuist Lawrence, not by the stock market, however, 
but by the new elytron technique. 


Particle proj ' ctilcn, which are to be acce _ ^rr.ted 
^ * »-* o„ e^otron, urc *..jertet into the i j.e 1 d o i a . ^ w a • 
ful magnet, which causes then to move in a spiral. 

II .ving conpleted the run around half the cireunfereneo 
insido one of the dees, they enter the electrical field 
Dotween the dees. 1 o field, at this moment, is acting 
in the same direction in which the particles are 
proceeding and thus speeds them up. After this accelerae 
tion the particles continue the circular flight; however 
this tine around a circumference of increased radius 
~ince their speed has increased. Then, crossing onoo 
r.ore the space between the dees, they are once more 
accelerated by the electric field and thus complete a 
full revolution. They continue to fly around this 
developing spiral tuns and hur.ureds of tines. At ouch 
successive revolution they are affected by a relatively 
small accelerating field. however, in the final 
analysis, the energy increases very considerably. 


Incouraged by these early achievements, the 
scientists tried to force the cyclotron to provide tho 
u-Cuiuruted particles with more ar.a r.ore energy, but 
they encountered an obstacle which scorned insurmountable. 


Iloth.ng was changed in experimental conditions. The 
electrical field flue tutted in time wits the ruvolu.iona 
of the particles, accelerating their flight, however, 
at - Curtain moment the speed of the particles ceased to 
i..crease. The particles were delayed, .no longer 
arr ring between the dees at the required moment, i.e, 
us the moment v.’hor. the electric field would accelerate 
them. Thus the synchronized operation of the cyclotron 
became disturbed. 


... ii~.. ~.cdr 's her v: ■ r than a fold 3ody 


The explanation cf t! is phenomenon (which had beon 
discovered at a cor.sidorably earlier date than the 
invention of cyclotrons) may seem improbable as first 
sight. It anoears that at increasing acceleration 
during circular flights, the maca of the particle changes, 
i.e. the particle becomes heavier. It secr.3 as if 
kinetic energy accumulated .n the process of acceleration 
overburdcr.dod the particle. You may ask - is this ^ 
acr.i-pou-ic image? Surprisingly, an ir.crecse in the 
energy of a nt. .cle is cutaliy accompanied by an 
increase in its mass. 

he must first of all dispose of any doubts as tc 
’..hethcr the important law of the c o..scrvet i on of muss, 
which must be effective always and everywhere, i„. 
hereby violated. To know very well that nass cannot 
disappear under any circumstances, nor can it be 
produce* from nothing. _ 















Science affirms the same with regard to energy, 
however, for a long time science silently assumed that 
she two great laws of nature, i.e. the law of conserva¬ 
tion of mass and the lav; of conservation and transform— 
ation of energy, were unrelated. Tr. reality, however, 
cue is the logical result of the uwior, In accordance 
with she law of interdependence between mass and energy, 
dis.overed by the G-man genius Albert Einstein in 1905, 
each change in the energy of a body is accompanied by a 
corresponding change in its mass. 

The processes occurring in the cyclotron are no 
miracle. The phenomenon observed, i.e. the increase 
in mass of a particle with ohf increace in its energy, 

_s completely explained by the theory of relativity 
formulated by Einstein. 

The following example is often quoted, when 
discussing the theory of relativity: suppose we heat 
a body weighing one kg. up to 200°C and leave another 
body weighing one kg. at room temperature; then aha 
hot body will be heavier than the cold bocy by one 
billionth of a gram. Of course, a balance sufficiently 
precise to weigh 1 kg. with an accuracy of cne billionth 
of a gram does not exist. However, if such a balance 
did exist, it would show the above difference. How 
does this happen? Molecules of a hot body move at a 
greater speed than those of a cold body and the reserve 
of energy is actually an excess of kinetic energy of a 
number of separate molecules. Having a great reserve 
of thermal energy, the hot body also has great mass. 
Howevor, since the speed of notion of particles lr. a 
heated body is considerably lower than the speed of 
particles flying in a cyclotron, they are not "over¬ 
loaded'’ with kinetic energy to the same extent. Hence 
the difference in mass formed at the expense of kinetic 
energy as insignlficantly small and is never detected 
i> I* 

If wo had sufficiently delicate instruments, v.o 
would be able to prove that a wound-up clock is heavier 
than the unwound clock. The energy increase of t~o 
intramolecular field of cohesion in a tense spring 
results in the increase of its mass. 

A charged electrical condenser is heavier than 
the uncharged condenser: the energy cf the electrical 
field corresponds to the ir.creaso in mass. This 
phenomenon remains unnoticed. The densities of the 
molecular field end of the field of a condenser are 
insignificantly small in comparison with the density 
of a nuclear field. Under nornal circumstances bodies 
in motion, whose mass also increased in proportion to 
the increase of kinetic energy, do net move at spoeda 
cf tons and nundreds of kilometers per accord, as is 
the case with particles ir. accelerators. However in 
nuclear transformation proce3sess associated with the 
use of accelerators, these extraordinary phenomena 
become very marked. V.’e may even affirm that physicists 
are quite used to then. They are now part of routine 
soier.tif 1 ; and technical calculations. 3y considering 
this pheomenon, the Soviet physicist, Y.I. Veksler, 
succeed* . in laying the scientific foundation for the 
constru tion cf accelerators of a fundamentally new 
typo. is soon a- this principle become known, it was 
successfully applied. 









V . how 3o:-.bnrdtEg ? f achir,es 
.’.’ec; of the ir»crc_us i.. .he ;.:.;s of particles with 

a... ^mCTociSo *n c p ut u u ^'owo uu^ j»>■ ’< uij i ( ''i v>' o '* j c^o 

v. jf -*j. oi Oioctronc c. w ..i♦* ^r*oi*•'*io .iir^r. j c*ru 

tl.w lightest part-wlus and no soo:. us the eserr,/ 
roaches the order of tens of thousands of electron 
vol", U) the need for correcting for the increase m nass 
of ane electrons tceor.es marked. ..erefore, for tne 
aoceleraon of electrons it was necessary to construct 
soeciai accelerators, which ..'ere named betatrons (the 
term "betatron" originated from the name of the electron 
team ejected by nuclei of certain radioactive substances, 
i.e. beta rays). However, the beta rays obtained with the 
help of betatrons exceeded by a hundred times in both 
energy and intensity the rays produced luring natural 
radioactive decomposition. The operating principle of 
the betatron is very similar to that of the alternating 
current transformer. Every schoolchild knows that if 
the secondary coil has more turns than the primary coil, 
she transformer increased the voltage of the current. 
Imagine now that instead of the secondary coil the 
Instrument is provided with a hollow ring-shaped tube, 
in which free electrons rotate. The number of revolutions 
of a he electrons ir. this tube is analogous to the number 
of turns in the secondary coil. If \:e force the electrons 
to rotate in this tube many p in's*, they will graduuluy 
accumulate great energy at the expense of the electro¬ 
magnetic induction. Thus, if the cyclotron is called 
a "resonance accelerator", because the accelerating 
electric field changes therein with the rotation of the 
'•.articles, then the betatron is an induction accolora-o 
I.u main principle consists in securing the stuoil-ty o 
the electron in its c.rcular orbit and forcing it to 
rot..to along this orbit many times. Physic i nve 

w nhwt under proper conditions .his is . - 1 7 
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cyclotron accelerates i-‘ an a result of trie 

<_i U, U, L» .« -i. a . V »* O i:> U u >< •< C w «*C C 1 . - Cl ». - —' * >' vj 

*. /1 - ’ • crease cue c.c ^ a r «* c - ^ ..’i ^ ^ c«v .. • * o - - - 

eon (lit i or. of do cole rut ter. . a..a .i cr., *r. tu e ‘ - -u 
cur.oor.e there occurs re fur-he.r ..cculu racier. is - 
normal cyclotron ana uhe particle •..'ill rotate around 
m, vofinitu orbit. But if ;;c Gradually intensify aha 
n_gnec i c field or ..lowly decrease the frequency at 
•..•Itch the electrical voltaje accelerating the particle 
changes (and this constitutes the train principle of 
the brilliant idea of V.l. Veksler), then the particle 
rotating around a stable orbit will increase its 
energy. 

P.11 of the powerful r.odern accelerators of nuclear 
particles are built on this principle, which is explain¬ 
ed here in very general tc.rs. 

There also exist accelerators in which the magnetic 
field is increases simultaneously with the acceleration 
of the notion of particles. These are the so-called 
synchrotrons, which are used to accelerate electrons. 

In other acceleratora the period of fluctuation of 
the alternating electrical current is increased simul¬ 
taneously with the acceleration of the notion of particles. 
These are the- so-called synchrotrons, which ere used to 
accelerate electrons. 

. ^In—ot-henr^atJ-ce-lerat-o-rs—the-period—o-f^--fluctuation—of- 

•the-alternating electrical current is increased in., 
^proportion to the'■increase' in the mass' of the particle.- 
Therefore, in spite of the increased tine of its 
revolution, the particle does not fall out of resonance,' 
but continues to be accelerated by the electrical field. 
These phasotrons or, as they are occasionally called, 
synchrocyclotrons, are used to accelerate "heavy" 
particles, i.e. deuterons and alpha particles. 

Lastly, the third invention has combined both 
operations. These are the so-called synchrophasotrons. 
Artificial cosmic rays, i.e. protons carrying an energy 
of several billion electron volts, are produced in 
synchrophasotrons. 

Our country has not only developed the principle of 
these new, so-called relativistic accelerators (this 
term is used + c characterize phenomena and instruments 
based on the theory of relativity), but has als^ 
constructed uuge synchrotron and phasotron accelerators. 
Thus, for example, the largest phasotron in the world 
operates in the Institute of Nuclear Problems of the 
Academy of Sciences of the USSR. It produces protons 
with an energy of 680 million electron volts. 

Energies with which explorers of the atomic nucleus 
operated two and three decades ago were only ton tines 
greater than the energies obtained in the eighteenth 
century. Electrical machines, which were used as 
parlour toys, produced tens of thousands of volts. This 
value was not surpassed for two centuries. Therefore, 
the achievements accomplished in the oourse of the last 
twenty years are astonishihg indeed. 
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As ve have already seen, 
‘.sirur.ants, which also c o n f i 
-.eory of relativity, has r.et 
into of noderr. physics. One 


construction of these 


med very exactly 
the r.ost urgent : 
im sonar, t field 






3 c- -> • o i. c 0 r z 
o o e s 3 o :* forr. 
w.’^r»3 cr.c pi*o 
-rays of high 
tides, where 

3 ppO£tI* 0 C i. 
r^Siicrc.* j 1 u 



u o o .. 0 »■» j 6 ,t o 1 \ ^ 


tudy of the so-called elementary 
is heading are grouped, for example, 
,tion of r.esons during the collision 
cas or under the effect of photons 
energy), and phenomena of scattering 
t..e forces acting re tween t.. sse 
Tori; by Soviet scientists that has 
. print, as the result of sevc 'si 
.ievoted to these urgent pro ole ns. 


H.G. Acshcheryahov , corresponding member of the 
Acadeny of Sciences of the USSR, and Prof. 3.Ya.Nikitin, 
mth their assistants, studied in the Institute of 
of Nuclear Problems the scattering of protons by protons. 
This work requires the moot nodern experimental techniques. 
It is closely connected with the use of all sorts of 
nodern electronic equipment. Host refined methods of 
registration of particles with precisions up to one 
millionth of a second must be used. Uoreover, these 
experiments are impossible without modern counters of 
nuclear particles, such as for example, certain crystals, 
in which the passage of charged r.uclear particles 
produces a flare of cold luminescence, registered by 
means of special photoelectric multipliers. 

The luminescent chamber constructed by E.K. Zavoysky, 
corresponding member of the Academy of Sciences of the 
USSR; is a remarkable achievement. The ordinary 
scintillation recorder registers only the bare fact of the 
passage of particles, whereas here, with the help of 
c.'.cctron-optic transformers, the pa*h along which the 
particles proceed in the luminescent substance is also 
recorded. This camera has aroused the interest of 
physicists in all countries. 

These investigations are supplemented by the study 
of scattering the neutrons by protons. By comparing 
the two we are able to draw a number of final deductions 
on the nature of elementary nuclear particles. Invest¬ 
igations on the scattering of neutrons by protons are, 
however, fraught with more serious difficulties, since 
the neutrons carry no electric charge, and methods of 
their registration are much less effective than the 
methods of registration of protons. Nevertheless, these 
experiments were also successfully carried out in the 
Institute of Nuclear Problems under the supervision of 
Prof. V.P. Pzhelepov. In his report on these work3 
delivered before the session of the Academy of Sciences 
of the USSR, II.G. Meshcheryakov emphasized the valuable 
contribution to the research in question by the theore¬ 
tical physicists I.Ya. Poneranchuk and A.Ya. Smorodinsky. 


V/c have already mentioned that during the scattering 
of particles the forces in effect between these particles 
-re displayed in the purest form. Scattering in the field 
of high energies makes it possible to '‘feel" these forces 
at distances too small for experiments with low energies. 
To is no wonder that physicists so far have been compelled 
to approximate by assuming that these forces are constant 
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up to „ certain distance. This distance is called 
the radius of action of nuclear forces. 

then two billiard balls collide and rebound, i.e. 

'sc vCer", each o . ^ a -3». m u y ■- c a.. ,__ c v ^ u ■. c. *-n .. 0 

with crual probability. In the case of the particles 
„f atonic physics, however, the probability of defle- 
c,io. of particle^ at different angles during scatter¬ 
ing uopends essentially on the nature of the forces 
acting between there. Therefore, researchers are 
primarily concerned with the study of the so-called 
angular distribution of scattering. In nuclear physics 
these probabilities are usually characterized by c: s- 

tjcC u, i**xo ti.tto.oc xo no 0 unusual, <-» s u - - — 
of fact, in artillery the probability of striking this 
or that target depends on the respective areas of the 
targets in which tha chosen trajectories etc. The 
experimentally detvrmin.ua magnitude cf the cross-section 
of the elementary particles which are scattered at high 
energies allows or.e to eor.c luae . that the effective 
dimensions of these particles are smaller than previously 
assumed. It is now believed that elementary particles, 
i.e. protons and neutrons, are composed of snail "grains’' 
or "nuclei" (the prcuons and neutrons proper), which are 
surrounded by a cloud of pi-mesons. One cannot help 
thinking in this connection of the striking statement 
made by Lenein: "An electron is as inexhaustible as an 
atom"; 

On studying the dependence between the cross- 
section and energy of the scattered particles, the 
researchers arrived at the conclusion that possibly 
there exists a definite "excited" state of protons. 

The theory describing this phenomenon has been developed 
by Academician I.Ye, Tamm, a Soviet scientist. 

A series of reports by the Institute of Nuclear 
Problems of the Academy of Sciences of the USSR has 
been devoted to the study of the formation and 
properties of pi-mesons. These promising reports 
were produced by 17.G. Neshcheryakov end Prov, H.S. 
Kozodaev. In their experiments they investigated 
charged pi-mesons, as well as well as neutral pi-mesons. 
These promising reports were produced by K.G. 
Meshcheryakov and Prof. JT.S. Kozodaey. In their 
experiments they investigated charged pi-mesons, as 
well as neutral pi-mesons (the latter exist as well 
as the former). 

The reaction between two protons, in the course of 
which heavy hydrogen (deuterium) and a positively 
charged pi-meson are formed, is of special interest 
among the nuclear reactions connected with investigations 
on oharged pi-mesons. This reaction, as well as its 
converse, where the deuterium and a positively charged 
pi-meson interact producing two protons, can also be 
exptr imentally investigated. This is a most interesting 
example of equilibrium in nuclear reactions. 


A new citizen of the Soviet Union, the progressive 
Italian scientist Bruno Pontecorvo, who is now working 
in our country, has carried out a fine piece of work in 
the field of high energy nuclear physics. He successfully 
investigated the scattering of charged mesons by douterons 
and protons in those high energy regions which up to that 
time had been little studied. 
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Investigations or. oha interact_on of neutrons and 
•-.rot on- with complex nuclei are also of great interest, 
.i. r,cc o u c r imor^.3 c.»— . t u e ,. j*...u 1 n v* a. ~ n 4 j ux w 

_ o 1 •_ s c exposing ;1- i are arranged there -a . until 



..otl.od proposed for the first tine -y tae Soviet 

scientists —*. o » . jt o v g u y i«iu Aa P > / « 

•pith the help of these methous, results of such 
reactions '..'ere observed m the form of peculiar "stars", 
composed of r.any -creaks forced 'ey charged particles 


j uauui»uC ^. u s/ wc* * i!*on* p >* r * ^ o*. 

cc 1 _i*.• j.or. • But o~l‘ y ol:c c;*ar;;ed products o:T suck 
reactions acre capable of being observed. The success¬ 
ful r.ev: nuclear "artillery" makes it possible to study 
such reactions und-r laboratory conditions as well. 

One r.ay r.ention the recently published work by Prof, 

V.I. Goldunsky and h.s assistants who studied the 
division of heavy nuclei by neutrons of high energy. 

3y neats of neutrons with an energy of about 400 million 
electron volts they investigated the division of not 
only uranium and thorium nuclei, but also considerably 
lighter nuclei; bismuth, gold, tungsten and others. It 
appeared that the division of ruclei at this energy 
reveals an interesting and peculiar property; before 
the division a great number of neutrons, occasionally 
more than ten, arc liberated from the nucleus. 


This peculiar division has been investigated using 
photographic emulsions by Prof. N.A. Perfilov, a 
Leningrad physicist; rudio-chemically it has been 
investigated by Prof. L.V. Kurchatov in cooperation 
with his and Academician A.P. Vinogradov's assistants. 


Investigations carried out by many diverse methods 
made it possible to determine the fundamental differences 
in the nature of the division of heavy and light nuclei 
caused by high-energy particles. 

But how can one explain the simultaneous discharge 
from the nucleus of such a great quantity of secondary 
particles? ’. r e cannot, of course, discuss, this problem 
thoroughly in this article. This division can be 
explained only through analogy, just as particles of 
water oncape from a heated tea kettle, so we may think 
of a nucleus into which a high-energy particle has 
penetrated as boiling and evaporating the neutrons 
contained therein. 


No must not think, of course, that this division 
can produce a chain reaction. Nu .cl of comparatively 
smui.1 mass (such as bismuth, tungsten, and gold) 
di' .ded only under the effect of very fast particles 
which can be obtained only by means of artificial 
,.eceieration requiring the consumption of quantities 
of energy. For this reason, the neutrons ejected 
before division are unable to induce a chain reaction. 
Nevertheless, this phenomenon is certainly of great 
interest from the theoretical point of view, being a 
phenomenon characteristic of reactions at high energies. 

A series of interesting experiments devoted to the 
interaction of gamma rays having an energy of up to 
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250 million electron volts with nuclei 'end elcr.cr.tary 
•.•.'articles, were carrier out on the -ynehrouron of the 
leb-iev Physical Institute of the Academy of Sciences 
of the USSR under the supervision of V.I. Veksler, the 
inventor of the principle on which accelerators of the 
row typo are I'ut . ; ana a corr^wp er.^*i.p ...unoor o. tao 
Acader.y of Sciences of the USSR, together with Prof. 

?.A. Cherenkov, the noted Soviet physicist. 

The outcone of this research was reported at the 
conference on cosmic rays, which took place during the 
winter of 1954. ,T _ also wish to mention the research 

conducted cn the formation of neutral and negative 
p.. -mesons by the hydrogen isotope, deuterium, as well 
as investigations on the interaction of gamma rays and 
copper and nickel nuclei, which provided information 
forming the basis of a new concept in the structure of 
atonic nuclei, i.e. the development of the nuclear shell 
model. 


These and many other experiments of Soviet 
researchers show that our country occupies one of 
the leading places in the field of high-energy physics. 

Recently there was held an All-Uni. on Conference 
on quantum electrodynamics and the theory of elementary 
particles with special emphasis on mesons. Foreign as 
well as Soviet scientists took part in this conference 
^J where new theoretical papers by Soviet scientists were 

widely discussed ar.b highly approved. They were also 
widely discussed at the session of the Academy of 
Sciences of the USSR on the peaceful uses of atomic 
energy. 


o 


Ue think it appropriate to refer once more to the 
history of the discovery of mesons. This history has 
not been completed as yet and the undiscovered areas 
are pregnant with promises of new discoveries. When 
"creating" new particles by super-powerful accelerators, 
the researchers discover one meson after another. They 
are now considerably more numerous than needed, or, 
more accurately, than the xisting theory can explain. 

This is the most exciting and troublesome period 
in the history of this science. The river is still 
covered with ice but spring waters beneath it are 
restless. A little while yet and the icy armour of 
obsolete theory will crack and a flood of new ideas 
will carry away the old ice floes. 

This was the case with chemistry, when the 
researchers were compelled to face manifestations 
of differences in the properties of molecules of a 
uniform ohemical composition, which were difficult 
to explain from the viewpoint of the old theories. 

The genius of Butlerov developed a new theory whioh 
embraced all these extraordinary faots. 


The same oocurred in physios, when the necessity 
of explaining the mysterious facts of natural radio¬ 
activity led to the formation of modern concepts on 
the atruoture of the atom, this oomplex structure 
with a nucleus surrounded by clouds of electrons. 
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The physi.s of the atomic nucleus is nov; at a 
similar si age ox’ development, unstable and riel- in 
achievements, and we all. know that it signifies the 
beginning of a new upward flight (or '’breakthrough'*) 




